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Abstract 

Plants are primary producers and the life on earth totally depends on plants as there are               
Primary producers. Biotechnology is a modern tool to increase the productivity of plants by   using 
various techniques. Tissue culture is a major breakthrough in biotechnology to increase the 
productivity of medicinally and economically important plants. 
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Introduction 

Human beings are surviving and interacting in the territory of nature. The biosphere, the thin shell of 
the earth and its land cover and the entire world that is alive are the biggest element in the 
environment that lies close to man. Not only is Nature supportive, it's definitely lovely. The creation of 
God is a work of art, iff this outer philosophy doesn't exist; the human being will vanish from reality. 
Nature is a beautiful, materialized, energetic, knowledge. Plants are the foundation of all life on Earth, 
providing foodstuffs, essential oils, gum, antibiotics, alkaloids, hormones, glycosides, and other 
medicinal substances such as fuel, fiber, latex, pigments or resins and a variety of other raw materials. 
Coal and petroleum are plant-derived fossil substances. (Sotannde and Oluwadare, 2014; Sfiligoj et 
al., 2013; Kumar et al., 2021; Habib and Khan, 2021).  

Plants are the essential biotic component of nature and also a vital part of the cosmos. Since the dawn 
of human civilization, people have used plants as medicines after many discoveries and trials, several 
medicinal plants were recognized as an important medicine source, and cures started from the 
beginning of human civilization (Talay and Talay, 2001). Ancient men lived in constant fear of illness 
at the hands of nature and used plants to heal and alleviate their physical suffering, he even altered 
the surroundings nature and atmosphere and transformed plants and animals. Man and nature 
interrelate in such a manner as to actively rely on nature as civilization grows, while its dependency 
implicitly grows. Nature gave us an abundance of herbal medicines to cure diseases mainly. 
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The therapeutic use of plants is most likely as old as Human kind itself. The past decade has 
witnessed a tremendous resurgence in the interest and use of medicinal plant products (Fitzgerald et 
al., 2020; Bhattacharya et al., 2021). The common system of herb extracts as treatment for medicine 
in India goes back to the early days of the 'Rig-Veda.' Medicinal plants are natural and have no side 
effects; they are healthy, cost-effective, and curative and have properties to achieve the 'health for all' 
goal. It is known that 20,000-30,000 higher plant species in various parts of the world are used as 
medicines. Among 1500 are used for codified Ayurvedic medicinal products, 3000 in ethnomedicine 
and 700 in modern medicines from these plant species (Eggleton, 2020).        

 India has been a leading global exporter of medicinal plants and herbs, with large exports from India. 
As indigenous drugs have gained importance, there is an unforeseen increase in a large number of 
pharmacies. The intake and demand for crude medicines have risen significantly. To fulfill the 
demand, every year, a large number of crude drugs are being exploited in an indiscriminate manner 
from all parts of the country. Besides this we also lose our natural herbal richness more quickly due 
to illegal cuttings and other biotic interferences. These reasons have attributed to the imbalance in 
demand and supply, which is increasing day by day.  

Biotechnology and Plant Improvement 

Biotechnology is a branch of applied biology dealing with the use of living organisms and 
bioprocesses in architecture, electronics, medicine, and other areas that include bio-products. It is a 
rapidly evolving 21st-century technology or interdisciplinary science that has already had an impact 
on both commercial and non-commercial areas of human life. It originated as a modern scientific 
discipline as a result of the convergence of biochemistry, molecular biology, and microbiology 
(Sonkaria and Khare, 2020; Alemu, 2020). Biotechnology has great promise and has already provided 
new breakthroughs in healthcare, medicine, oil, agricultural products, and environmental 
conservation. However, due to its relevance, it has lately gained a great deal of media interest. In 
reality, biotechnology is one of the world's most research-intensive industries (Sohn, 2020). 
Biological developments have had a massive impact in the developed world and are only starting to 
pay off handsomely in emerging countries. The biotech industry in India has developed at an 
exponential pace. Genetic engineering, cell fusion technology, bioprocess technologies, and structure-
based molecular designs are some of the emerging biotechnologies behind the bio-industrial 
revolution. Food research, antibiotic and medicine development, the molecular biotechnology 
revolution, protein and DNA technology, plant tissue culture, pharmaceuticals, bioenergetics, and 
information technology are among its diverse and multidisciplinary practices (Kovalevskaya et al., 
2008).  

This generic technology is used to alter and enhance the performance of plants, animals, and 
microorganisms. The pharmaceutical industry has reaped the biggest gains from this technology. 
Biotechnology has made, and will continue to make, a significant contribution to human health by 
offering cutting-edge knowledge into disease and serving as a critical enabler in the drug-discovery 
process. Globally, there is a growing need for modern and advanced agricultural research that will 
contribute to improved agricultural productivity. Not just crops, but also the livestock industry, 
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fisheries, and forestry, have felt the effects of biotechnology's strong resources (Smithies, 2020). 
Bioengineering is another significant field that underpins biotechnological applications. Traditional 
biotechnology companies are expanding their horizons as existing methods and emerging 
approaches advance, allowing them to improve the quality of their products and increase the 
performance of their processes.  

Plant biotechnology, in its broadest sense, is thus prevalent in all societies and, for some applications, 
highly evolved, having advanced through a considerable range of technological and intellectual 
advances. Biotechnology has arisen as an important method for the mass reproduction and 
improvement of all plant organisms. Clonal multiplication is the rapid growth of true plants from a 
limited number of plants within a short period of time. It provides a mechanism for rapidly growing 
essential genotypes and hastening the release of a significant number of plantlets. (Tyagi et al., 2003).  

The bioactive molecules are plant-derived natural compounds. Secondary metabolites are bioactive 
molecules with a wide range of industrial applications, including pharmaceutical medicine and drug 
discovery. They are currently in high demand for research and their significant contribution to the 
long-term treatment of multiple chronic illnesses with no side effects. The main focus of present day 
study is on discovering new bioactive compounds for the development of experimental medicines to 
treat diseases such as cancer, viral fever, diabetes, and AIDS, among others (Pan et al., 2013).  

In recent decades, biomolecules have attracted the attention of scientists from various fields, 
including botanists, biochemists, biotechnologists, chemists, and pharmacologists, resulting in the 
establishment of comprehensive databases of natural products as well as knowledge of bio-molecule 
structures (Sorokina and Steinbeck, 2020). 

Biomolecules are now engineered and planned to be bundled in nanomaterials (Care et al., 2015; 
Sampath et al., 2020). They are used in nanomaterial synthesis, biomolecule immobilisation, surgical 
implants, stabilisation, sensors, and catalysis (Nagamune, 2017). Computer-aided methods have 
mainly been used to analyse structure, physicochemical properties, and dynamics as molecular 
biology and bioinformatics have progressed (Liwo, 2014).   

Primary biomolecules are nucleic acids, amino acids, vitamins, and organic acids that are basic 
building blocks, used in fundamental processes in living organisms such as photosynthesis, 
respiration, protein and lipid metabolism (Maeda, 2019). Secondary metabolites contain phenols, 
alkaloids, hormones, contaminants, gibberellins, narcotics, medicines, and polymeric compounds 
(Wink 2010). They are produced as intermediates or end products during primary metabolism (Pott 
et al., 2019). They do not participate in any critical cell growth or development processes, but they 
are important as signalling molecules in defence (Isah, 2019). Many plants have secondary 
metabolites that have medicinal value (Eldahshan et al., 2013; Delshad et al., 2018). 

Plants are also the primary drivers of pharmacological preparations of drugs all around the world 
(Hussein and El-Anssary, 2018). Scientists produced a variety of useful drugs from secondary 
biomolecules. Plants were used exclusively in ancient medicine. Following that, the concept of 
Ayurveda emerged. Most pathological drugs are dependent on herbs, such as quinine, ephedra, 
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piperine, and curcuma longa, which have been used as medicine since ancient times (Veeresham, 
2012). 

The pharmaceutical industry is highly reliant on wild plant species for raw materials and the 
manufacture of medicinally useful compounds. Indeed, public and market demand for many 
medicinal plants has been so strong that they risk extinction, resulting in a loss of genetic diversity. 
The natural environment for many herbs and trees is degrading due to rising global population, 
growing anthropogenic behaviour, increasingly eroding natural environments, a lack of sufficient 
agricultural methods, degradation of plant habitats, and the illicit and indiscriminate collection of 
plants from these habitats, among other causes. They are now on the edge of extinction. (Yang et al., 
2008; Srithi et al., 2009). 

However, advanced biotechnological methods of culturing plant cells and tissues can have innovative 
methods for rapidly and efficiently propagating essential, rare, and endangered medicinal plants. 
These methods are critical for selecting, multiplying, and preserving the critical genotypes of 
medicinal plants.  

Plant tissue culture and Productivity 

Plant tissue culture is a general concept that includes plant protoplast, cell, tissue, and organ culture. 
Plant tissue culture may play an important role in the “Ever Green Revolution,” in which 
biotechnology and gene editing are used to improve crop yield and quality.  

Tissue culture techniques are widely used to improve agriculture and forestry productivity by 
improving field crops, woodland, horticulture, and plantation crops. This process has been 
commercialized worldwide and has greatly led to the increased development of high quality planting 
seed, doubling, conserving, and transforming, in that order. (Debnath et al., 2006; Sujatha et al., 
2008).  

Secondary metabolites are found in very small amounts in plants; however, their synthesis can be 
significantly increased by plant tissue culture techniques, as this procedure is the best way for 
industrial production of many useful plant items (Chowdhury et al., 2007). Biotechnology is the most 
effective method for increasing the development of usable biochemical compounds in vitro (Pagare 
et al., 2015; Pyne et al., 2019). In vitro studies of plants experiments are currently insufficient to 
postulate any effect on secondary metabolite synthesis in leaf-derived calluses. Furthermore, this 
plant's phytochemistry has only been studied in plant sections. (Altamirano et al., 2019).  

The majority of plant breeding programmes rely heavily on clonal propagation of selected 
phenotypes. In contrast to seed propagation, it is a smoother method of asexual reproduction. Plants 
produced by seed are strongly heterozygous, and the best plants must be chosen from a large 
population. Because of heterozygozygosity, seed raised plants show high variation in growth, habit, 
and yield, and they may be redundant due to the poor quality of their flowers and fruits for 
commercial release. 

Similarly, the majority of plants propagated vegetatively contain microbes, fungi, and viruses that 
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alter the yield, consistency, and appearance of selected plants. The majority of the plants are not 
amenable to vegetative propagation through cuttings, budding, or grafting, restricting the 
multiplication of preferred cultivars. Tissue culture has emerged as a promising approach for 
producing genetically pure elite populations in vitro in recent years. (Nath et al., 2007; Arican et al., 
2008; Babbar et al., 2009). 

Realizing and examining the enormous importance of plants, the usefulness of biotechnology and its 
various uses in Biology, Microbiology, Molecular, Genetics, Nanotechnology, Bioinformatics, 
Biomolecules, Biochemistry, and Pharmaceuticals is rapidly increasing in modern times. 

Conclusion  

Biotechnology is the use of living organisms for production at industrial level Biotechnology is being 
used for agricultural crop production, to make the plants disease free, to increase the production of 
economically valuable, to enhance the amount of required biomolecules as well as secondary 
metabolites from medicinally important plants by using many new novel techniques like tissue 
culture, hairy root culture, genetic engineering. 

*Associate Professor 
Department of Agricultural Biochemistry  
B.B.D. Government College, Chimanpura,  

Shahpura, Jaipur (Raj.) 

References 

1. Alemu, M., 2020. Applications of Biotechnology for Characterization of Plants and Pests as the 
Key Components of Plant Protection and Production Strategies: A Review. International 
Journal of Applied Sciences and Biotechnology, 8(3), pp.247-288. 

2. Altamirano, R.D., Palma, R.I.L., Monzote, L., Domínguez, J.D., Becker, I., Cruz, J.F.R., Escofet, N.E., 
Landaverde, P.A.V. and Molina, A.R., 2019. Chemical constituents with leishmanicidal activity 
from a pink-yellow cultivar of Lantana camara var. aculeata (L.) collected in Central Mexico. 
Int. J. Mol. Sci., 20(4), 872-877. 

3. Arican, O. and Kurutas, E.B., 2008. Oxidative stress in the blood of patients with active 
localized vitiligo. ACTA Dermato-venerologica Alpina Panonica et Adriatica, 17(1), 12. 

4. Babbar, S., Marier, J.F., Mouksassi, M.S., Beliveau, M., Vanhove, G.F., Chanda, S. and Bley, K., 
2009. Pharmacokinetic analysis of capsaicin after topical administration of a high-
concentration capsaicin patch to patients with peripheral neuropathic pain. Therapeutic Drug 
Monitoring, 31(4), 502-510 

5. Bhattacharya, S., Gupta, D., Sen, D. and Bhattacharjee, C., 2021. Development of Micellized 
Antimicrobial Thiosulfinate: A Contemporary Way of Drug Stability Enhancement. In Advances 
in Bioprocess Engineering and Technology (pp. 83-89). Springer, Singapore. 



AIJRA Vol. II Issue II www.ijcms2015.co  ISSN 2455-5967 

 

  Biotechnology: Revolutionary Approach to Improve Plant Productivity                    

Dr. Dhirendra Kumar Singh  
 

99.6 

6. Care, R., Binder, A., Biniek, R., Braune, S., Buerkle, H., Dall, P., Demirakca, S., Eckardt, R., Eggers, 
V., Eichler, I. and Fietze, I., 2015. Evidence and consensus based guideline for the management 
of delirium, analgesia, and sedation in intensive care medicine. Revision 2015 (DAS-Guideline 
2015)–short version. GMS German Med. Sci., 13, 93-99. 

7. Chowdhury, S., Mohan, R.S. and Scott, J.L., 2007. Reactivity of ionic liquids. Tetrahedron, 
63(11), 2363-2389. 

8. Debnath, M., Malik, C.P. and Bisen, P.S., 2006. Micropropagation: a tool for the production of 
high quality plant-based medicines. Curr. Pharma. Biotechnol., 7(1), 33-49. 

9. Delshad, E., Yousefi, M., Sasannezhad, P., Rakhshandeh, H. and Ayati, Z., 2018. Medical uses of 
Carthamus tinctorius L. (Safflower): a comprehensive review from traditional medicine to 
modern medicine. Electronic physician, 10(4), 6672. 

10. Eggleton, P., 2020. The State of the World's Insects. Ann. Rev. of Environ. and Resources, 45, 
61-82. 

11. Eldahshan, O.A., Azab, S.S. and Abdel-Daim, M., 2013. Rhoifolin; a potent antiproliferative effect 
on cancer cell lines. J. Pharma. Res. Int., 46-53. 

12. Fitzgerald, M., Heinrich, M. and Booker, A., 2020. Medicinal plant analysis: A historical and 
regional discussion of emergent complex techniques. Frontiers in Pharmacol., 10, 1480. 

13. Fitzgerald, M., Heinrich, M. and Booker, A., 2020. Medicinal plant analysis: A historical and 
regional discussion of emergent complex techniques. Frontiers in pharmacology, 10, p.1480. 

14. Habib, M.A. and Khan, R., 2021. Environmental Impacts of Coal-Mining and Coal-Fired Power-
Plant Activities in a Developing Country with Global Context. In Spatial Modeling and 
Assessment of Environmental Contaminants (pp. 421-493). Springer, Cham. 

15. Hussein, R.A. and El-Anssary, A.A., 2018. Plants secondary metabolites: the key drivers of the 
pharmacological actions of medicinal plants. Herbal Med., 1, 13. 

16. Isah, T., 2019. Stress and defense responses in plant secondary metabolites production. Biol. 
Res., 52. 

17. Kovalevskaya, A.Z.I., Solonin, A.S., Sineva, E.V. and Ternovsky, V.I., 2008. Pore-forming proteins 
and adaptation of living organisms to environmental conditions. Biochem. (Moscow), 73(13), 
1473-1492. 

18. Kumar, A., Tirkey, J.V. and Shukla, S.K., 2021. Comparative energy and economic analysis of 
different vegetable oil plants for biodiesel production in India. Renewable Energy, 169, 
pp.266-282. 

19. Liwo, A., Baranowski, M., Czaplewski, C., Gołaś, E., He, Y., Jagieła, D., Krupa, P., Maciejczyk, M., 
Makowski, M., Mozolewska, M.A. and Niadzvedtski, A., 2014. A unified coarse-grained model of 
biological macromolecules based on mean-field multipole–multipole interactions. J. Mol. 
Modeling, 20(8), 1-15. 



AIJRA Vol. II Issue II www.ijcms2015.co  ISSN 2455-5967 

 

  Biotechnology: Revolutionary Approach to Improve Plant Productivity                    

Dr. Dhirendra Kumar Singh  
 

99.7 

20. Maeda, K., 2019. Metal-complex/semiconductor hybrid photocatalysts and photoelectrodes for 
CO2 reduction driven by visible light. Adv. Mat., 31(25), 180-205. 

21. Nagamune, T., 2017. Biomolecular engineering for nanobio/ bionanotechnology. Nano 
Convergence, 4(1), 1-56. 

22. Pagare, S., Bhatia, M., Tripathi, N., Pagare, S. and Bansal, Y.K., 2015. Secondary metabolites of 
plants and their role: Overview. Curr. Trends in Biotechnol. and Pharmacy, 9(3), 293-304. 

23. Pan, X., Yang, M.Q., Fu, X., Zhang, N. and Xu, Y.J., 2013. Defective TiO2 with oxygen vacancies: 
synthesis, properties and photocatalytic applications. Nanoscale, 5(9), 3601-3614. 

24. Pott, D.M., Osorio, S. and Vallarino, J.G., 2019. From central to specialized metabolism: an 
overview of some secondary compounds derived from the primary metabolism for their role 
in conferring nutritional and organoleptic characteristics to fruit. Frontiers in Pl. Sci., 10, 835 

25. Pyne, M.E., Narcross, L. and Martin, V.J., 2019. Engineering plant secondary metabolism in 
microbial systems. Plant Physiol., 179(3), 844. 

26. Sampath, J., Alamdari, S. and Pfaendtner, J., 2020. Closing the gap between modeling and 
experiments in the self-assembly of biomolecules at interfaces and in solution. Chem. of Mat., 
32(19), 8043-8059. 

27. Sfiligoj S. M., Hribernik, S., Stana Kleinschek, K. and Kreže, T., 2013. Plant fibres for textile and 
technical applications. Advances in agrophysical research, pp.369-398. 

28. Smithies, B., 2020. The compatibility of trypsin inhibitor cyclotides with plant-based 
recombinant expression systems. 

29. Sohn, E., 2020. How local industry Rand D shapes academic research: Evidence from the 
agricultural biotechnology revolution. Organization Sci., 32(3), 675-707.  

30. Sonkaria, S. and Khare, V., 2020. Exploring the landscape between synthetic and biosynthetic 
materials discovery: important considerations via systems connectivity, cooperation and 
scale-driven convergence in biomanufacturing. Biomanufacturing Rev., 5(1), 1-23.  

31. Sorokina, M. and Steinbeck, C., 2020. Review on natural products databases: where to find data 
in 2020. J. Cheminformatics, 12(1), 1-51. 

32. Sotannde, O.A. and Oluwadare, A.O., 2014. Fibre and elemental contents of Thaumatococcus 
daniellii stalk and its implications as a non-wood fiber source. International Journal of Applied, 
4(1). 

33. Srithi, K., Balslev, H., Wangpakapattanawong, P., Srisanga, P. and Trisonthi, C., 2009. Medicinal 
plant knowledge and its erosion among the Mien (Yao) in northern Thailand. J. 
Ethnopharmacol., 123(2), 335-342. 

34. Sujatha, M., Reddy, T.P. and Mahasi, M.J., 2008. Role of biotechnological interventions in the 
improvement of castor (Ricinus communis L.) and Jatropha curcas L. Biotechnol. Adv., 26(5), 
424-435. 



AIJRA Vol. II Issue II www.ijcms2015.co  ISSN 2455-5967 

 

  Biotechnology: Revolutionary Approach to Improve Plant Productivity                    

Dr. Dhirendra Kumar Singh  
 

99.8 

35. Talalay, P. and Talalay, P., 2001. The importance of using scientific principles in the 
development of medicinal agents from plants. Academic Medicine, 76(3), pp.238-247. 

36. Tyagi, V.K., Subramaniyan, S., Kazmi, A.A. and Chopra, A.K., 2008. Microbial community in 
conventional and extended aeration activated sludge plants in India. Ecol. Indicators, 8(5), 
550-554. 

37. Veeresham, C., 2012. Natural products derived from plants as a source of drugs. J. Adv. 
Pharma. Technol. and Res., 3(4), 200-205. 

38. Wink, M., 2010. Introduction: biochemistry, physiology and ecological functions of secondary 
metabolites. Annual plant reviews volume 40: Biochem. of Plant Sec. Metabol., 1-19. 

39. Yang, J. and Weinberg, R.A., 2008. Epithelial-mesenchymal transition: at the crossroads of 
development and tumor metastasis. Develop. Cell, 14(6), 818-829  


